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=Abstract=
A Study of the Peripheral Neuropathy among the Workers Exposed to Carbon Disulfide

Dae-Seong Kim, Soon-Duck Kim, Chul-Whan Cha
Department of Preventive Medicine and Institute for Environmental Health, College of Medicine,
Korea University

Neurotoxicity in the workplace may occur with exposure to scores of chemicals. Although large acute
outbreaks of the occupational neurological disease are rare, the incidence of occupational neurotoxicity in
its subtler aspects is unknown. A working knowledge of both the major occupational neurotoxic solvents
and the tools used by clinical neurologists and neurotoxicologists to evaluate neurotoxicity in working
populations is a necessity for the occupational physician.

To investigate the effects of carbon disulfide(CSy) on the peripheral nerve system using the nervous
conduction study, 105 male workers working in the spinning room of a viscose rayon factory were
examined and compared with a sex and age matched, unexposed 105 male controls using t-test analysis.

72.4% of CSy-exposed workers complained of neurological symptoms, and the abnormal cases in nerve
conduction study were 48.6%. The abnormal cases of nerve conduction study increased in number
according as the age and duration of exposure increased. In this study, asymptomatic workers were
confirmed to have subclinical neuropathy by nerve conduction study. Also as there were abnormal cases
even in its duration of exposure below 4 years, nerve conduction study turned out to be ways of discovering
of early peripheral neuropathy.

In nerve conduction study, the amplitude, velocity, F-wave latency and H-reflex of the motor and sensory
nerves in both upper and lower extremities were significant different between CSs-exposed workers and
the controls. From the pathological viewpoint, both segmental and axonal degenerations were assumed in
this study.
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AABANA AAEY 71 EAE 9T A Fe
BB Eo|} o|BEE UV e O?Q‘:} I o)
€ %9 Bdo| #LE Al & ASEYge
oo Edo] FAId HAA Z= % o‘r‘7}‘ B,
wEta FAolu o|&A AZio] BYHEEIA el
Ad, Z2FFAANE g7) o1H7] "o,

B AE5H fo18AE AA g e
AZE ok A] F LA A& AT, T2AA
Alel Z&3t= fr71SAZ2E =T, wERgs
E, Az dgd, ojFet: o] d3x U
(Sullivan®} Krieger, 1992).

o|FME olFgarrs EAo 53 #3 3%
42, o3iutie E2E A9 iAo 3
Hol ot o|F3eAE ARt TN Dete
ZEAREL o|F e ojuAHx XY A
A Aol (3T ARE F ALY 50 =&F
e e o AAA AxY TEAE Bog
(WHO, 1979). c|#slea e FAHFEY THFE
< ded F eH, 53 AREHELE F5 2
SEAZAE AW o] F83% FAoy, o4

FE59 AL a9 d7# F, v, AY, 3§
A, a7l A, 23, A%, 2¥A, dEnAg A
EHA Sox FEZFAAE Yozt (WHO, 1981:
ILO, 1983: Zenz, 1988:x%%, 1989: Rom,
1993).

ojRsPgLFE U FHEIE 18569
292 August Delpech7l nRg# Z2A}te)A &
H 2498 ALoz H1dn “o|gseik AAR"
olgtz ®wWW3E o|F & (Davidsoni} Feinleib,
1972), 18632 Delpeche] o]3detik AAZ 80
d, dFMe wAHFE Z& (Foreman, 1886),
1899 EdoA e FMol Az}l 508, WA
HFU4 2= (Jump® Cruice, 1904: Franicine,
1905) 522 5734 LA ogsets: £5
F2 20M71 29 A At o, 1900d+%H
1930'dAteldl& Q1AL Az BABE o33}
g2 FEFH Zase], 19309d e oS A

=3

Zte FAZ dFIACT. 191693 AZAA AzGe
Azg QEAME 19299 Tokuharas} o] 3ahgra
5% Afez By oFE 1970dd7A = 3¢
% 2ada ge 43 th(WHO, 1979: ILO,
1983).

195001 ¥ a3 FYeAe AHeg o
gtgazEe] @4l Bol AlElgod, 28y
de 538 Az F7ZR4 7dse =gA 2
otz FAE BAEL 7Ll . 28y, Q
Azl ALEdTog FEEA oI
£F5Y Bt old ZrtdlA tA AdHe B
ol AXHR glow, LU oI EYPF 7
ol #BEHE Aoz YZEH(WHO, 1979).

olFsetd FEHAI AHF XX oL
19934 49 @A) 80099 Z2AEe] dstn gl
o olF oA E=s AV HE AT 2
B2 15099 9o}, 3 dAde 3% 32tong] 91
AALE ANE s AEE Z3m 9oy 94
55 2 A4 a2 dAe 37 StonFE A4+
Foltt. o] FAte]l WAlHe] AA® WAlE 500
el dt. WAL 138t 23te) wAlZle 247
19663 197599 =4Edey, Zz 19914
1297 1993d 349 JlEo FadUYt. =3
gotsld TAL 33e] Wbyl e 197894 =UERA
ou, A 6613 51thgto] 7tEFo|t},

QAAA Zo) A}R-HE o|3gih e A o] F
Zell A AA Aadso] AvsHn len, YA o
BeaZ AR5 FUY aRA A e} B 2
AL Foll Bl ALEE3 gloy o] E ¢ A

ek ojdsieta Al gAeet FF A} AR
ol Foi2l wt= Ick(A A2 AAFE, 1991).
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YFolM FUAH Sl o1F 3/40)40] AAA}

428X TE 2RFYIA AEHD AR
%, 1989: A< F. 1989).
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Table 1. Air concentration of carbon disulfide in

spinning room (mg/ms3)

Year/month Carbon disulfide
1986. 8 15.9-61.5
1987. 6 17.2-72.1
1988. 5 7.2-48.7
1989. 5 3.7-69.9
1990. 7 3.7-38.4
1991. 12 3.4-48.1

Source: Institute for Environmental Health, Korea

University

ot EF olFstetiel] tid A A3 A
A3 HLEEE 3lmgmiczA ¢ ®9 Ad:
LFxe oiFGL Z2g 9uide Aot
(ACGIH, 1992).
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W3H), 8FFE20R), FhwY 2251
). AR2HF(10%)e] ke 22AES AT
0579 da 22AE HFATUNE2E FHA

[e]
=l

fo

oY
o > X I
ol

= o of - mu

*

2. 7y
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AR =HA A E Cadwell 7400 Model & o] &3}
AR 8 3R] e 2z Al g, HAAA Y Feex
© 22°ColA 24°CE FASAY. AZA=AAY
e Ma % Libesone W oz slgci(Mash
Libeson, 1983). #4474 & 4A9 AF4Z,
ENAT A Hu|ZTAA, HEAAR S HAES
3, LAAL AA FFAA, HIANHH 82
o] AN BA7A, AZAAE AAEYed, Fue
ZE7 = Fatgnt. E=3 H-yAe ZE71s 943
A 9] v B2 HArsks e}

Q2T Agesatelr AFZA=ZHA e F 4
g TFote H ol &€ olFdsetad ZZEHA g
AZE FAE FoAA ATFREA didte 1019
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90%E AANI}HG. =3}, dAIT2AREY F=27]
¥ EXE 10-1490] 41.9%2 7% g%3, 4
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NEF22A5F AR A4S 34T AEL
1059 % 7678 (72.4%)°10x, WA 2AE] F
2 3A4s5e 2RAAAY AAFEE AR FTE, A
A 7aAgn AY, YL, 2oy Bl
HE 3).

3. NEHEHALA
TRAREFS) K7 FAs] Asel WA=
g NASRn, BERAAYF) Age B AR

Table 2. General characteristics of subjects

Variables (yrs) No. Percentage (%)
Age
20-29 1 1.0
30-39 46 43.8
40-49 48 45.7
50-59 10 9.5
Duration of exposure
0- 4 5 4.8
5- 9 16 15.2
10-14 44 419
15-19 31 29.5
20-24 8 7.6
25— 1 1.0
Total 105 100.0

Jetto) N ol &8t Y JE(E 4)o oste] A
sk ch.
gazzatel Watd AAAEHAE NPT 2
ol AZAE Bl Aol 517 (48.6%)°lATt.
2AEY 34T B AAAEHA Y 2
HE FAo] gle Aol 76W o R 72.4%0°]
. 240 Yt TRAF AAAEZAAY o 4a
Bl A$7} 76WF 429 (55.3%)°leH,
o] e ZEAEF AANEZHAY oHA2AL
¥l A97} 299 % 99 (31.0%) 22 24| Ae A
271 Qe ASET A ol gzl BUTHE 5).
dAe2ASe] ARAAEA e o AL A3
54 2 FAREEe 5W RE AAERY R
E ANGEOA ojF4AE BTk AR e BAFA
A3 AZAAEY A9 vBAAE, AN 2
A A ZAAe AAATHAL O Be oA
< 53on, 3R FANAAEHA} O

O R A T O )
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Table 3. Symptoms among CS,-exposed workers

Symptoms No. Percentage(%)
Muscular pain 22 28.9
Tingling sensation 21 27.6
Numbness 16 21.1
Muscular weakness 12 15.8
Paresthesia 10 13.1
Total 76 72.4

Table 4. Normal limit of nerve conduction study

Nerve Motor Sensory

Amplitude Velocity F wave Amplitude Velocity

mV) (m/sec) (msec) (uV) (m/sec)
Median 4.2 47.4 25.3 16.3 38.5
Ulnar 5.8 47.5 26.5 10.3 38.3
Peroneal 2.7 39.1 49.1 8.1 36.9
Tibial 41 39.8 48.1
Sural 7.0 36.3
H-reflex (msec) 31.7
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Table 5. Abnormal cases in nerve conduction study by neurologic symptoms of CS,-exposed workers (%)

Normal Abnormal Total

Symptomatic workers 34(44.7) 42(55.3) 76(100.0)
Asymptomatic workers 20(69.0) 9(31.0) 29(100.0)
Total 54(51.4) 51(48.6) 105(100.0)
Be o4adg B =¥, SFAAAZZAN 314D ARA= HFAEFHE A d%8E 1U1=E
Me Z £5479 F-3 ZEI7F 718 & o} AT 2 (FF 40.78 £ 6.354)9 HIEA
A273& B9, AARESTANE 982440 o Hudd, o|gses Z2I22AEY EFHY
71 Be ol diAE BAHE 6). o JEL AA Y BFERANAE 2 A9 v ERS

dE o e ARBA=HZAAIGANM Aol F7IE AR, AREEFART AILFNAAN A
5 39.1%, 54.2%, 70.0% 2 ZHAIY old44&7A 2 H93A FAHIJIT E, AxEze J¥SZH

o] ¥olAle Aoz YEBHE 7). E,
HE ARAEAA LAY BEE B, F27]300]
7ol met AAAEZAS] o }aAE FlEE
Ao 2 vetgted, 10-1499 A97F 45.5%°12
I ol ¥ 58.1%, 62.5%, 100.0%2 F718tdon,
dolstol M= 40.0%9] ©]347Ae HATHE 8).

Z=27%

S

4. ZE2TEXN} =T nte| MFFM=HALe| Bl
o|Fslgid ZT2E TEZAE(HT 40.45 £ 6.

Table 6. Abnormal cases in NCS of CSj-exposed

workers (%)
Nerve Amplitude  Velocity F-wave
Median M 3( 5.9) 5( 9.8) 12(23.5)
S 3( 5.9) 3( 5.9)
Ulnar M 2( 3.9 2( 3.9 11(21.6)
S 0( 0.0) 4( 7.8)
Peroneal M 7(13.7) 5( 9.8)  10(19.6)
S 5(9.8) 7(13.7)
Tibial M 1( 2.0) 10(19.6) 11(21.6)
Sural S 5( 9.8) 12(23.5)
H-reflex Rt 6(11.8)
Lt 8(15.7)

ZABE AP ZE AAANM FARLE fFo
ol Btk 53] AR A FIFEEN
BAM BAHLR i § FsA AaHU.
=T Fohe] FE7Ie A2AARE AdF B3A
o] FAY BFAM BAHLE FSA AAH
A, #59 H-wAte] JE7E FostA A A=

Table 7. Abnormal cases in NCS by age

Age(yrs) No. Cases Percentage(%)
20-29 1 0 0.0
30-39 46 18 39.1
4049 48 26 54.2
50-59 10 7 70.0
Total 105 51 48.6

Table 8. Abnormal cases in NCS by duration of exposure

*M: Motor nerve S: Sensory nerve

NCS: Nerve conduction study

Duration of  No. Cases Percentage
exposure(yrs) (%)

0- 4 5 40.0

5- 9 16 31.3
10-14 44 20 45.5
15-19 31 18 58.1
20-24 8 5 62.5
25— 1 100.0
Total 105 51 48.6
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ARAAMA =

del BAAA o BIBAY TE F342(H,S)
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24 9 gag,
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AR gdolut, FAAAEL BAF WAk Y o AAAN diA 20~30gS ol gsierast 4~6g
@MY gt o|FFHRLE HALdM FE} o {FEHFLE WEFEH(WHO, 1979 Rom,
of, 21 Frie ¥7IEY 2.62¥7F of BPn EF  1993).
F71ek & g 2aAol e EFES AT olgtzletre FEFE FE FYL BAM Loy
o}, oj#sigtaE AW AAre Bajdez 1 AU, AFRE 15: e ey, AP
o], AW, AF, $A, 2R, W4 a2z vt o o3 HAl 7 2Ad ERET. ojdsiede A
Table 9. Comparisons of NCS between CSy-exposed workers and unexposed controls
Nerve Group Amplitude p-value Velocity p-value F-wave p-value
M(mVyS(uV) (m/sec) (msec)
Median M Exposed 9.72 + 3.55 56.34 + 6.04 p=0.0016 2391+ 223 , p=0.0124
Controls 9.26 + 2.64 59.36 + 6.23 23.24 + 1.27
S Exposed 41.73 + 1654 p=0.0025 45.62 + 492 p=0.0174
Controls  50.04 + 18.82 4732 + 4.01
Ulnar M Exposed 10.07 = 2.17 58.17 + 5,62 p=0.0080 2437 + 3.02
Controls 10.04 + 1.79 60.57 + 5.96 23.81 + 1.30
S Exposed 40.48 + 16.05 43.56 + 3.34 p=0.0024
Controls  44.30 + 17.37 45.11 + 3.03
Peroneal M Exposed 581+ 244 p=0.0246 46.00 +6.19 p=0.0002 4457 +4.47 p=0.0089
Controls 6.67 = 2.65 49.06 + 5.00 43.12 £ 2.71
S Exposed 21.01 + 10.09 42.06 &+ 2.95
Controls  22.44 + 10.61 42.96 + 3.39
Tibial M Exposed 14.18 £+ 6.06 p=0.0262 4652 + 553 p=0.0001 4417+ 476 p=0.0034
Controls 16.16 + 5.51 49.78 + 3.61 42,59 + 2.15
Sural S Exposed 23.50 + 948 p=0.0025 4178 +3.78 p=0.0069
Controls  28.20 + 10.79 43.17 £ 2.97
H-reflex Rt Exposed 2858 + 2.16
(msec) Controls 28.02 + 1.51
Lt Exposed 2880 + 3.24 p=0.0432
Controls 28.02 + 1.49

*Data from 105 exposed workers and 105 controls
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W3 A FeA gA &= oinpxst 2 GuAS
Agstnz Aoz Ry A XAz BE =
A} 71@e] Aol vt FoE olFsteid]
10~30%= 3718 &3, 283 1%°ls7t &8
T3 2z W=y, YA 70~90%E Aol
A dAREE A dAEA(Fr134dd)e gH
(thiourea, mercaptothiazolinone, 2-mercapto-
thiazoline-4-carbamic acid)2 4A¥ oz uwjdgdd
(WHO, 1979: Rom, 1993).

ol &3let A= AU mercapto(-SH), amino(-
NH,), hydroxy(-CH)7] ¢t & g7l A3l
o] B3t o|Fetae FHAH L TRANAHEW
< dodle /1AL £3749 U=ga ¢ A
#, WA U Ee HEo] HAZAME 2 x4l
7Ae WS zystd dAHEd FSERE 4o
71 AEEd JlHe BiAA gkoy, AA, A
28] Zgd A v FFE(FE, ofd)ol g
ol g es YAEZY chelating effect(Cohen
%,1959: Seppalainen®} Haltia, 1980), £4]. o
g Al g AHAA A A& (Magos, 1975),
AR, VitamintfA}A o] F 2  Vitamin Bg}
nicotinic acid(Brieger®} Teisinger, 1966), W},
catecholaminet] A} & o] (Magos®} Havis, 1970;
Magos, 1975), XA, A Z Ao (Cohen ¥,
1959), oA A, microsomal drug-metabolizing
system¥ 2] A& 22 (Bond¢} De Matteis, 1969)
59 71de] MAH ot HBE WAL dohf
71 M e g& 477 2asig,

ol¥sgie FASER HUFEE dods ¢l
on, 97t ;Eme EZEsHo WFHE FA
59 A¥ FA EFAHE WA AREr)s sy
WA AEd TEAY, Ex, AP ¥, =37,
87, HIARAYE, AAAY, 2T, A9 59 FA
A S AATHH Faol vehdoh =3, $d
o] ZEHE Aot A8 VIBES AW 9
G FHES Vel THFES dodled, §
3 3 % CRAAAE FHFH R &Y o
Aol 7t} F8§ &7oltt(Zenz, 1988: Rom,
1993).

olgsteie P71 =2W AL FFN7 & T
ZAAAE AR R £3AA HAAFN, NG

o]dg Twsle thEyd AAY, ARlY 2EHZ,
Bzl 2 dazA5e] AAFNE doyn F
FHAA A E RUALEFEFH M5 AP, 2
|73, »4d, 71944, T2 deozlg
(Henry 5, 1988).

£, Ayze A&Hoz2 Zag AL 2d]
YA oy TRAAGE dodiy, AHGE &
Aol ARLZRE Wb AlFsted Ao =det
o, F54L A9 o|AZAH Ay, £ F
A 7210 B5T o474z Folv i niFHe
2 Jvetdot(Vigliani, 1950: Vasilescu, 1972:
Johnson, 1987). %, o|&3eid wPHoZ E
259 F5d ZEAE9 88%A AN AY
o] wAstghn B matgl oh(Vigliani, 1950).

2 ZAANE ARAAZHAE A8 1059 F
517 (48.6%)9 A ol FA2AE Hivd, TZ2AA
A9 A7Z3E& 523 768F 429 (55.3%) A
a8lm AZEAgel gle 29%9F 99 (31.0%)°] ©
daAE B ol AAFARl gl Afd=
AAAZZA ] o] dAAE A £ Sl Az
F3e &AM WEe] vuide ¢ v E, 49
o|3te] ZRITNME o] FA2HS He ARFAEZ
A7t Z2719] BRARAWETE 2] @28 + de
HdE & 5 Aok

T olgte o|Fede] FUAFE B4
(subclinical toxicity)o] Wi <d+7} P %
o, 53] AAARHAL: AASE AAY ez
Yetde 2719 A7Z43HE EAsted by 9w
T AALR, BF4e olFsled FEZY 2
o wht RE&F HAGHolhH(Manu ¥, 1970;
Seppalainen %, 1972: Knave %, 1974:
Seppalainen® Tolonen, 1974: Knobloch &,
1979: Seppalainen® Haltia, 1980). iivksld Al
BAATSETE Jd2AD ABEH Habdl g8 e

v A4 Eg o 4% ZAH7] o Folth
(Johnson 5, 1983: Putz-Anderson £, 1983).

olEl g wxAAY FYFFH AAWFS HrlEe
HiE AZA=AAE 2HAHn gled(ILO,
1983), °lR & XY & Un FEFY FEE AF
o). wety AAARHAE Az AEELE
Aol WH¥os ZoRe TRASN 27 Ei

[o 3K ¢]
+E€3F

—288—



2 g gobd & Uz, =3I
22 ARZAA =2 1¥W(Health surveillance
program)®] dF-Fo] B & Sith(Singer, 1990).

ofd dFolMe AL A AEdert &544
9 AxLzHg FAANI Hiadda st
(Vasilescu, 1972). Z#A ZA4AAY A=EEE
Arete Aol 5479 A=zE&ETE HAREe
ARY ¢ < AFAE HAvin s H(Gilglioli
. 1978). Eg, dvrdQd HAAHoE 2
oz WME AzEETE M EEAATE F
Br} 3 =AM S (slow motor fiber)2] AL
=g HAlsle o] AAEAE FAGsted o
du = d7% A (Corsi, 1983). £3) BT
TENAFH ANBLEAAY =4 AR
ARAEEES) 29 H-wAl7 T2AF 549
742 27k Axpbi o A A 8+ th(Seppalainen
3} Tolonen, 1974: Gilioli &, 1978).

TzAA A g A8 AR SAEAEE o
o7H Z7ldle & AN AESEEe Ad
Tro] yEhdth(Herbert 5, 1984). FEXHHNA
% olZggtae o T AFEH e F
W dFERF ®ol suglen, sz 37t 7t
F dAYE LA HAHIzE TAHUGD
(Seppalainen® Tolonen, 1974: Seppalainen}
Linnoila, 1976; Juntunen ¥, 1977: Knobloch
1979: Jirmanova$} Lukas, 1984: Henry
, 1988). oj¥ &P dAFAT AAAR 4l
Axdrrst A 2A=FgAZ g8
AZNAB YA ANA 4ol g4zad
ANRARAZA NG A7 Axdze] Adez,
ZAEAYd A EFETAY IF9) A P 2
Q=g At A el Ee w3 LA 93
TEA TR £4A ZA2E Jehdd
(Sullivan®} Krieger, 1992).

B ZAM A A% A Y RE EBUAEH 7
ZHA 7ol AMHAN R, dzTo vEle ol 33teAi
Zz2eAse ARARSEE AvERAAAE
A 38R 2z 4 FFAE R Rt
Za=Edn, Foto| FEJ e HEANAE AR 4
A EF4AE BRRAA fostA Ad=HAY. F
RN e FetA EAE AR} AAAEEE

oY, ol ?IH

o L v Jo

AA ztel g Hldltizt, EFAZ A AAR Fgt
o AEIN HZAAE A 28 EFAAAA
2ol HQ AL TRAZY oY ¢ d¥R =
ol Ax @ezaguie] e Aoz 4F4d.

T HERAAANN AAARERI ZAHYD,
ALNA T AL 2 AN A= 944
ARZ Zte A1A+Y #F H-wAe 35717 2
o7 Ao Hol, AANAE ZHR7A AwA
HAYE Aldstd o Fstebde] o TRAFA L
dFE WAY & qvtn A, x£3F, A9
SEAAD A AR T FEAAY AABHE &
o} Fube] AE7|A =)o SENARTG W &
oJ3 zel7t gl HeR Hold AR A4
H B 9% vz Aoz H4ggr.

A ZAEAALZ YA, FEAHY AF2
AERAAA, HERANTE, A¥E FENAT A
Z EBAAAA FsHA FAE AoZ HolA,
B zAAe 249 @42 o]l A4
Yetd ez Ag4dEd, sy, JAZ3ZHAA
(Dietzmann®} Lass, 1977) & AAISHA &3k7] W)
ol AAEREAE Hegtyoz dEgs 4 F=
sith.
oE dFAe TRAAZAE 23T sre 4173
Ay o adferd Foz, (1)AZA4AAA]
SANARTG AARAESE7 vEn 54899 »
o] © Wr|mio] o]FaAE 4A EE & o}
Al EBAARD FAHRANAE Agete o] Fu)
Q) FE9 AAEAHE-D] VA9 ZHFEG ¥
AR etz A9 RS Mg opi,
(A AAE 4+ e AAE Aol T2AA
E4E AN fEeittn o FEEANAE, 3

W Ho to

FeEA7, HERZNAS DEAY QWA
o2 FH3G I (Singer, 1990).

9 E0E A7AE AZAEAAIA BohR
AEAe zdol gled, (DHMEIRAAL &7
o BANAeE Be FEAIS VZFH BE A7

EAEH s 97g veE Yehnz FJ5
o] (Burke, 1974: Lukas, 1983), (2)A17¢] &¢
5o A5 AANE W 497 sle AAE
Agste ol F1, (DNAZAAZEE HAAA e
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